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Description ' 

[0001] This invention relates to very flowable and easily moldable curable resin compositions filled with particles of 
a cured organosiloxane material. In another aspect, it relates to the very flexible and highly thermal shock-resistant 
cured resins obtainable from these compositions. 

[0002] Curable resin compositions have excellent electrical properties, including dielectric properties, volume resis- 
tivity and breakdown strength. These compositions also have excellent mechanical properties that include flexural 
strength, compressive strength and impact resistance. For these reasons, such resin compositions are used in the 
widest range of industries. 
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poorly flexible. These compositions also suffer from a large cure shrinkage, which causes such problems as the gen- 
eration of gaps between the cured resin and its substrate or cracking in the cured resin itself. Additional problems occur 
in the application of these compositions as sealing resins for electrical and electronic devices because the resins 
obtainable by curing these compositions have much larger coefficients of thermal expansion (CTE) than the electrical 
and electronic devices. When the device sealed by a cured resin is repeatedly subjected to thermal shock, problems 
can occur such as the development of gaps between the cured resin and the device, the appearance of cracks in the 
cured resin, and even destruction of the device itself. Device reliability is substantially degraded as a result of these 
problems. 

[0004] Many organosiloxane powder-filled curable resin compositions have been disclosed with the goal of improving 
the flexibility and thermal shock-resistance of cured resins. For example, curable resin compositions, filled with a cured 
organosiloxane powder (CSP), are disclosed in JP-A(s) 58-219,218; 59-96,122; 64-4,61 4; and 64-51,467. These doc- 
uments are representative of the prior art. 

[0005] The particles that constitute the CSPs disclosed in this art have a strong tendency to aggregate and are poorly 
dispersible in curing resins. As a result, the corresponding curable resin compositions exhibit poor flow and molding 
characteristics. Moreover, the cured resins obtained from these compositions still exhibit a poor flexibility and thermal 
shock resistance. 

[0006] With the goal of improving the flexibility of the cured resins, curable resin compositions have also been pro- 
posed in the art that are filled with a powder form of a polymer wherein the particles are coated with (a) an inorganic 
sol or (b) particles of an ion-exchanger resin. This art is represented by JP-A(s) 4-225829; 

5-39313; and 5-25324. Unfortunately, the cured resins obtained by curing these compositions have a poor heat 
resistance and poor moisture resistance while still exhibiting a poor flexibility. 

[0007] EP-A 647 672 which is prior art according to Article 54 (3) and (4) EPC describes a composition comprising 
(A) a cured silicone powder having a number average particle diameter of 0.1 to 200 micrometers; and (B) an amorphous 
silica micropowder having an average particle diameter not exceeding 1 micrometer and a surface silanol group density 
of at least 2 silanol groups per 1 nm 2 , wherein said silica micropowder is immobilized on the surface of said cured 
silicone powder. The composition can further comprise an organic resin, eg an epoxy resin. 

[0008] EP-A 0 516 057 relates to silicone rubber particulates, wherein silicone rubber particulates with an average 
particle diameter of 4 micrometers are coated with metal oxide particles, eg silicon oxide microparticles, prepared from 
a silicon oxide sol having an average particle diameter of 0.01 to 0.02 micrometers. This silicone rubber particulate 
was added to a phthalic acid resin paint. 

[0009] US-A 5 064 894 discloses organopolysiloxane particulates having a mean particle size ranging from 50 pm 
to 3 mm, comprising (A) a dihydroxydiorganopolysiloxane; (B) a crosslinking agent; (C) a tin curing catalyst; (D) a 
surfactant; and (E) a pyrogenic or precipitated silica powder which concentrates at the surface of said particles upon 
heating. The silica powder has a specific surface area of at least 50 rr^/g and a mean primary particle size of less than 
80 nm. 

[0010] An objective of the present invention is to provide highly flowable and moldable curable resin compositions 
that are cured to yield very flexible and highly thermal shock-resistant cured resins. Another objective is to provide 
methods for preparing these curable compositions. 

[0011] These objectives are achieved by incorporating silica-coated microparticles of organosiloxane elastomers or 
gels into curable resin compositions. The size of the organosiloxane and silica particles are within specified limits. 
[0012] This invention provides a curable resin composition comprising 

(I) 100 parts by weight of a curable resin, and 

(II) from 0.1 to 200 parts by weight of a cured organosiloxane comprising 

(A) cured organosiloxane material having an average particle diameter of 0. 1 to 200 micrometers wherein the 
surface of the particles constituting said material contain immobilized microparticles of 

(B) an amorphous silica that have a surface silanol group density of at least 2 per 1 nm 2 (100 square ang- 
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stroms). an averse particle diameter not exceeding 1 micrometer, and a BET specific surface area of at leas. 
50 m 2 /g. 

[001 3] The curable resin, ingredient (I) of the present composition, is the basic building block of these compositions. 

« o novo^epoxy resins, ortho«resol novolac epoxy resins, alicyclic epoxy resins biphenyl epoxy = a ,ra M 
eoow "Sns habgenated epoxy resins, triphenolmethane epoxy resins, and naphthol epoxy resins, phenol resins 
sSch as phenol novolac resins, cresol novolac resins, naphthol resins, aralkylphenol resins, and tnphenol res,ns; po*- 

w S^ns^^te^aleinlde.triazine polyimide resins, wholly aromatic polypyromellitim.de-type pofy.rn.de res- 
™ po^^ resins^polyamideim^pe pofyimide resins, and PoW^eje ^r 

W d rre«cone reshs, formaldehyde resins, xylene resins, xylene-formaldehyde resins, ketone^ormaldehyde 
Tls. an resins, urea resins, metemine resins, alkyd resins, unsaturated potyester reams. 
Resins, mixtures of two or more of the preceding curable resins, and copofymer*: resins obta,ned from moctures 

is rontainina two or more of the preceding curable resins. 
Slq fngredient(.) P refe^ 

oolvimide resins, and silicone resins. The curing mechanism for ingred.ent (I) .s not critical. 
^ 7 Typical curing reactions require heating, u«ravio.et radiation, o™^ 

of ingredient (I) at room temperature is likewise not critical. This ingred.ent can be .n the form of a l.qu.d or sol-d at 

20 STeTJed organosiloxane comprising ingredient (I.) improves the flexibilrty and thermal short M 
he cured resin and does so without reducing fluidity and moldability. Ingredient (II) comprises parties of an elasto- 
mer* ^ organosiloxane materia, having an average particle diameter of 0.1 to 200 ^eters_ lm- 
mSzId ^ the surfaces of these particles is a microparticulate form of amorphous silica hav.ng a surface s.lanol 

x gCdens'y^ 

and a BET specific surface area of at least 50 rrP/9. mflter _ f n 1 

[0018] The cured organosiloxane material, part (A) of ingredient (I.) must have an average part.c.e , *ame er of 01 
to 200 micrometers. The silica mteroparticles, part (B), cannot be acceptably immobihzed on the surfaced acured 
oraanos^bxane material having an average particle diameter less than 0.1 micrometer. Curable res.n composrtions 

*> Z SSSiSlS cu'ad organosiloxane materia, have poor flowability and moldability, and the counterpart, cured 
roQin* pyhibit a Door flexibility and/or thermal shock resistance. 

Cu^ o^nSi Jne materia, wfth an average particle size in excess of 200 micrometers very poorly 
Esible in ingredient (I), and the resuKing composition also has a very poor ftowab.lrty. The shape of ^ he parties 
ZcoZL part (A) of ingredient (II) is not cnlical. and may be spherical, flat, or amorphous. A sphenca. shape . 

35 £or d The micropartic.es of silica that constitute part (B) of ingredient (II) must have the folbwing P0^»j*e 
dYnsity of sLol groups on the surface of the micropartic.es must be at least 2 per 1 nm* (100 
fhe iage parti diameter must be no larger than 1 micrometer, and the BET specific surface area must be at leas. 

SSf Amorphous silbatha. fails .ofulfill any of these requirements cannot achieve adequate bonding to the surface 
of the Darticles of cured organosiloxane material that constitute part (A) of ingredient II. 

m tCof the amorphous silica is also not critical, and may be spherical, fiat, or amorphous with sphenca. 

?S P The e amorphous si.ica micropar.ic.es comprising part (B) can be manufactured by dry methods electric arc 
mTL, or weTmethods. The fumed silicas fabricated by dry methods are preferred for the, h,gh purity and bw 
content of impurities such as alkali ions or halogen ions. 
r00241 The silanol group density on the silica surface of part (B) is calculated from the BET specific surface area 
Lnd the sHano group confent is calculated from the amount of hydrogen evofved after part (B) .s dried for 3 hours at 
1 20° C under a vLcuum of at least 2 kPa (1 5 mm Hg), and the surface silano. is reacted with lithium aluminum hydride. 
so oLl N Tspedfc riSrttons apply to the method for preparing ingredient (II). The folbwing two methods are pro- 
Sas example^ (I) Z heatingTwater-based dispersion of parts (A) and (B) and thereafter removing the water; 
and (ii) subjecting the mixture of parts (A) and (B) to a rubbing unification 

[0026] The water-based dispersion of parts (A) and (B) used in method (i) is prepared by m.x.n , part B) into a wa te 
b^ed disperebn of part (A), or by mixing a water-based dispersion of part (B) into a water-based dispersion °J^^^^ 
55 S Er based dispersions of part (A) are prepared by first preparing the water-based disperse of a curable 
SaaLloSne compost, and by .hereafter curing the composite to produce a cured organosiloxane powder. 
SSTSS^L^ compositions suitable to prepare part A of ingredient II are ^ov-^xampbs .elude 
adi reaction-curfng organosiloxane compositions, condensation reaction^uring organosiloxane composrtions, or- 
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ganoperoxide-curing organosiloxane compositions, and ultraviolet^uring organosiloxane compositions 

[0029] The addition reaction-curing and the condensation reaction-curing organosiloxane compositions are preferred 

for their ease of handling. 

[0030] The required ingredients for addition reaction curable organosiloxane compositions include 

(a) an organopoiysiloxane containing at least 2 alkenyl groups in each molecule, 

(b) an organohydrogenpolysiloxane containing at least 2 silicon-bonded hydrogen atoms in each molecule and 

(c) a platinum catalyst. 



rnni 1 1 tk^« ~~ ... _ - 



ens , ■ ra y coi liaii i optional ingredients such as (a) one or more fillers and (e) epoxy-functional 
or aryl-functional organic compounds. 

[0032] Ingredient (a) is the base ingredient of addition reaction-curing organosiloxane compositions, and it must 
contain at least 2 alkenyl radicals in each molecule. The alkenyl radicals are exemplified by vinyl, allyl, propenyi butenyl 
pentenyl, hexenyl. heptenyl, octenyl, nonenyl, and decenyl. The vinyl radical is particularly preferred. The non«lkenyi 
silicon-bonded organic groups in ingredient (a) are monovalent hydrocarbon radicals, including alkyl such as methyl 
ethyl, propyl, and butyl; cycloalkyl such as cyctopentyl and cyclohexyl; aryl such as phenyl, tolyl and xylyl aralkyl such 
as benzyl, phenethyl, and 3-phenylpropyl; and haloalkyl groups such as 3-chloropropyl and 3,3,3-trifluoropropyl Of 
these radicals, methyl and phenyl are particularly preferred. 

[0033] The molecular structure of ingredient (a) is not critical and is exemplified by straight-chain, cyclic network 
and part.ally branched, straight-chain structures and by mixtures of the preceding. Ingredient (a) is preferably straight- 
chain to obtain gel-like or rubbery properties for this ingredient. 

[0034] Ingredient (a) should have a viscosity at 25° C that permits formation of a water-based dispersion of the 
addition reaction-curing organosiloxane composition. Suitable viscosities range from 1 mPa.s (centipoise) to the vis- 
cosity of the high-viscosity gums. The viscosity of ingredient (a) at 25° C is preferably from 20 to 1 00,000 mPa s most 
& preferably from 20 to 10,000 mPa.s. 

[0035] Ingredient (b) is a cross-linker for addition reaction-curing organosiloxane compositions, and must contain at 
least 2 silicon-bonded hydrogen atoms in each molecule. The silicon-bonded organic groups in ingredient (b) are 
selected from the same group of non-alkenyl radicals that are present in ingredient (a). 

[0036] The molecular structure of ingredient (b) is not critical and is exemplified by straight<hain, cyclic network 
and partially branched straight-chain structures and by mixtures of the preceding. Ingredient (b) should have a viscosity 
at 25°C that permits the formation of a water-based dispersion of subject addition reaction-curing organosibxane 
compositions. This viscosity is preferably from 1 to 1 0,000 mPa.s. 

[0037] Ingredient (b) is added to our addition reaction-curing organosiloxane compositions in a quantity sufficient to 
induce the cure of said compositions. In specific terms, ingredient (b) is preferably added at 0.3 to 100 parts by weioht 
3S per 100 parts by weight ingredient (a). 9 
[0038] Ingredient (c) of our addition reaction-curing organosiloxane compositions is a catalyst that accelerates or 
promotes curing of the compositions by accelerating the addition reaction between the alkenyl groups in ingredient (a) 
and the silicon-bonded hydrogen atoms in ingredient (b). Any of the well-known platinum catalysts can be used as 
ingredient (c). Suitable catalysts are chloroplatinic acid, alcohol solutions of chloroplatinic acid, olefin/chloroplatinic 
acid complexes, chloroplatinic acid/alkenylsiloxane complexes, platinum black, and platinum supported on silica 
[0039] The concentration of ingredient (c) should be sufficient to accelerate curing of the composition In specific 
terms, the concentration of ingredient (c) is preferably equivalent to from 1 x 1 0-7 to 1 x 1 0-3 parts by weight of platinum 
metal per 1 00 parts by weight of ingredient (a). 

[0040] Filler (d) can be added as an optional ingredient to our addition reaction-curing organosiloxane compositions 
for such purposes such as adjusting the fluidity of these compositions and improving the mechanical strength of the 
resulting cured organosiloxane. Examples of ingredient (d) include reinforcing fillers such as precipitated silica fumed 
silica, calcined silica, and fumed titanium oxide; and non-reinforcing fillers such as quartz powder, diatomaceous earth 
aluminosilicates, iron oxide, zinc oxide, and calcium carbonate. 

[0041] Ingredient (d) can be directly blended into our addition reaction-curing organosiloxane compositions or it can 
also be added after being treated with a hydrophobicizing organosilicon compound such as hexamethyldisilazane 
trimethylchlorosilane or a silanol-terminated polydimethylsiloxane. 

[0042] An epoxy-functional organic compound or aryl-functional organic compound, ingredient (e), may also be 
present as an optional ingredient for Ihe purpose of improving the affinity and bonding between the cured organosi- 
loxane and the organic resin. The epoxy-functional organic compounds encompassed by ingredient (e) are exemplified 
by allyl glycdyl ether, vinylcyclohexene monoxide, glycidyl acrylate, and glycidyl methacrylate, and by the following- 



4 



EP0685 508B1 



CH 3 

CH 2 -CHCH 2 OCH 2 CHCH 2 OCOCH=CH 2 
O 



CH 3 

CH 2 CH 2 OCOC=CH 2 



/ CH 3 W CH 3 v CH 3 

CII 2 -CIICII 2 0(CH 2 ) 3 fsiO-44-SiO +~Si-(CH 2 ) 3 OCH 2 CH-CH 2 

\ / V CH 3 'n V CH=CH 2 / m C H 3 O 



CH. 



CH. 



CH 2 =CH-CH 2 



EP 0 685 508 B1 



CH 2 =CH-CH 2 -0 



-0 



10 ~. _.. . 

v-n 2 =cti^H 2 ~CH 2 ~~"\^^ 



15 

CH 3 — CH=CH 



20 



CH 2 =CH-CH=CH 

25 



=H3> 



CH. 

30 



CH 3 

35 and 



40 CH 2 =CH-CH 2 — CH 2 



45 



50 



55 



OH 

f 0 ? 4 ? ,' n k 9redient (e) 18 added wi,h '"9redients (a), (b). and (c), or it can first be reacted with ingredient (b) Ingredient 
(e) should be added to our organosiloxane compositions in a quantity that will yield an excellent affinity by the resultinq 
cured material for organic resins. 

LTedient n (a) PeCifiC '"^^ (e) iS P re,erab| y added at 01 t0 50 P^s by weight per 100 parts by weight of 

[0046] Small quantities of an inhibitor may be added to the present addition reaction-curing organosiloxane compo- 
sitions to adjust their cure rate. These addition-reaction inhibitors are exemplified by acetylenic compounds hydrazine 
compounds, triazole compounds, phosphine compounds, mercaptan compounds, and so forth 
[0047] The present compositions can also contain pigments, heat stabilizers, flame retardants, photosensitizers and 
diorganopolysiloxanes with alkenyl radicals at only one molecular chain terminal. 
[0048] The ingredients of our organosiloxane compositions that cure by a condensation reaction include: 

(a') an organopolysiloxane containing silanol groups at both molecular chain terminals, hereinafter referred to as 
a silanol-endblocked organopolysiloxane, 
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(b) an organohydrogenpolysiloxane containing at least 2 silicon-bonded hydrogen atoms in each molecule, and 
(c') a condensation-reaction catalyst. 

[0049] Asoptionalingredients.thesecom^ 

fS n9 Sient(a') which is the base ingredient of the condensation reaction^uring organositoxane compositions, 
sTLo inlb^ ed' aganopotysiloxane The silicon-bonded organic groups in ingredient (a') are exempted by 
^SSS^S^^c^ include *W radicals such as methyl, ethyl, propyl and W^*** 
Tuch Is vinvl alM propenyl butenyl. pentenyl. hexenyl and decenyl; cyctoalkyl rad,cals such as cyctopentyl and cy- 

and haloalkvl radicals such as 3-chloropropyl and 3,3.3-trrfluoropropyl. 

SSiiItK moSar structure ol ingredient (a') is not critical and is exempted by straighten, cyclic network. 

[0052] ingredient J »™» ™ specifically the viscosity of this ingredient will range from 1 mPa.s (centipoise) 

STSwiK the crosslinking agent for our condensate reaction«uring organos.loxane composition 
Z ^cLS an o ^ containing at least 2 silicon Wed hydrogens ,n each molecule. This 

^oreS fe tn sanJas ingredient^) described for our addition reaction«uring organosiloxane compositions. 
SnM nqrS 

Sent T^lZua* crosslinking of the compositions. In specie terms, the concentrate of ingredient (b) 
is oreferablv from 0 3 to 1 00 parts by weight per 1 00 parts by weight of ingredient (a ). 
SrTngrSnt^ 

ra0561 in Eotes ofLable catalysts include metal setts of organic acids such as dibutyltin dilaurate. dibutyttin dia- 
Ite JfJS^S^ dtoLd.. tin fcurate, ferric stannooctanoate, lead octanoate, lead », and zinc 
S^S^tS^U^ ^ch as tetrabutvl titanate. tetrapropy. titanate and dibutoxytrtamum b,s(ethyl 
3 o SS^P^ compounds such as chlorop.atinic acid, alcohol solutions of ch.oroplat.nic add. chloropte- 
SnSotfln^Zes. chloric acid/a.kenylsi.oxane complexes, pfc.inum black, and platinum supported on 

[iSn The catalyst should be added to the condensation curable compositions in . quantity sufficient to ^accelerate 
Sof these compositions. In specific terms, the concentration of catalyst is preferably from 0.01 to 10 parts by 

to adjust the viscosity of the composition and to improve the mechanical strength of the resutting CSP. Suitable fillers 
are discussed above for ingredient (d) of our addition reaction curable organos.loxane compositions. 
SSmT SlaneTupl ng agents and der«,atK,es thereof, ingredient (e'), are optionally present to improve the affinrty 
<o L^dldSe^ 

vinyltrimethoxysilane, 

vinyltriethoxysilane, 

vinyl-tris(2-methoxyethoxy)si1ane, 
45 vinyltriacetoxysilane, 

3-chloropropyltrimethoxysilane, 

3-aminopropyltrimethoxysilane, 

3-aminopropyltriethoxysilane, 

3-(2-aminoethyl)aminopropyltrimethoxysilane, 
so 3-mercaptopropyltrimethoxysilane, 

3-glycidoxypropyltrimethoxysilane, 

2- (3,4-epoxycydohexyl)ethyltrimethoxysilane, 

3- methacryloxypropyltrimethoxysilane, 
3-aminopropylmethyldimethoxysilane, and 

55 3-giycidoxypropylmethyldimethoxysilane. 

r00601 The concentration of ingredient (e') is sufficient to generate an excellent affinity between ^^^^ 
Epar^ 
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(e') 's preferably from 0. 1 to 50 parts by weight per 100 parts by weight ingredient (a 1 ). 

[0061] Other ingredients that can be present in condensation reaction-curing organosiloxane compositions of this 
invention are pigments, heat stabilizers, flame retardants, photosensitizes, and diorganopolysiloxanes with a silanol 
group at only one molecular chain terminal. These are similarto the optional ingredients for the above addition reaction 
curable compositions of this invention. 

[0062] One common method for preparing a water-based dispersion containing an addition- or condensation reaction 
curable organosiloxane composition consists of dispersing the curable composition in water, or an aqueous surfactant 
solution, and then generating a homogeneous dispersion therefrom by the action of a suitable device such as a ho- 
mogenizer or colloid mill; or a mixing device such as an ultrasonic vibrator. 

t , . . — «,,„ „ K >„,o,auiy ^sseni ouring preparation ot the water-based dispersion of our curable organosi- 
loxane compositions for the purposes of obtaining excellent dispersion stability and reducing the average particle di- 
ameter-of the organosiloxane composition. Suitable surfactants include non-ionic surfactants such as polyoxyalkylene 
a ky ethers, polyoxyalkylene alkylphenyl ethers, polyoxyalkylene alkyl esters, polyoxyalkylene sorbitan esters poly- 
ethylene glycols polypropylene glycols, diethylene glycol, and the ethylene oxide adducts of trimethylnonanol; anionic 
surfactants such as hexylbenzenesulfonic acid, octylbenzenesulfonic acid, decylbenzenesulfonic acid, dodecylbenze- 
nesulfonic acid, cetylbenzenesulfonic acid, myristylbenzenesulfonic acid, and the sodium safts of these acids- and 
cationic surfactants such as octyltrimethylammonium hydroxide, dodecyltrimethylammonium hydroxide hexadecyltri- 
methylammonium hydroxide, octyldimethylbenzylammonium hydroxide, decyldimethylbenzylammonium hydroxWe di- 
octadecyldimethylammonium hydroxide, beef tallow trimethylammonium hydroxide, and cocotrimethylammonium hy- 

[0064] Mixtures of two or more of these surfactants may also be used. More particularly, even smaller average particle 
diameters for the curable organosiloxane composition in our water-based dispersion can be obtained through the use 
of a Preferred mixture of surfactants comprising two non-ionic surfactants wherein the hydrophobic lipophlic balance 
number (HLB) of one is less than 10, the HLB of the other is at least 10, and the difference between their HLB values 
is at least 5. 

[0065] The concentration of surfactant is not critical, and is typically from 0.1 to 20 parts by weight per 1 00 parts by 
weight of curable organosiloxane composition, preferably from 0.5 to 8 parts by weight per 100 parts by weight of 
curable organosiloxane composition. a 
[0066] The amount of water used to form the dispersion is not critical, however the use of 40 to 2,000 parts preferably 
rom 40 to 1000 parts, by weight of water per 100 parts by weight of curable organosiloxane composition is desirable 
[0067] It is difficult to prepare water-based dispersions using less than 40 parts by weight water per 100 parts bv 
weight of curable organosiloxane composition, while the yield of particles decreases when the amount of water exceeds 
2,000 parts by weight. 

[0068] The water used to prepare the dispersion preferably has a low concentration of metal and halide ions An 
electrical conductivity below 1 micromhos/cm is preferred, and ion-exchanged water with an electrical conductivity 
below 0.5 micromhos/cm is even more preferred. 

[0069] A water-based dispersion of cured organosiloxane material is obtained by heating the dispersed curable com- 

^;l y , allOWlng ' he dispersion ,0 remain at room temperature. The heating temperature preferably does not 
exceed 1 00° C and is preferably from 40° 010 950 0. 'yuoesnoi 
[0070] Methods for heating the water-based curable organosiloxane composition dispersion include applying heat 
to the water-based dispersion or adding hot water to the dispersion. 

[0071] The average diameter of the cured organosiloxane particles used to prepare the resin compositions of this 
invention is from 0.1 to 200 micrometers, preferably from 0.5 to 80 micrometers. The amorphous silica microparticles 
cannot be acceptably immobilized on the surface of the organosiloxane particles when the average diameter of the 
cured particles is below 0.1 micrometer. The flowability and dispersibility of the cured organosiloxane powder are 
substantially reduced when the average particle diameter exceeds 200 micrometers. 

[0072] In method (i), the microparticulate form of silica, ingredient (B), or a water-based dispersion of part (B) is 
bended with the water-based dispersion of thecurableresinparticles,ingredient(A),toobtainawater-based dispersion 
of ingredients (A) and (B). K 

[0073] Part (B) can be homogeneously dispersed in water because it is in the form of amorphous microparticles of 
silica with a surface silanol group density of at least 2 per 1 nm 2 (100 square angstroms), an average particle diameter 
not exceeding 1 micrometer, and a BET specific surface area of at least 50 m 2 /g. 

[0074] In method (i), the amount of silica added is sufficient to become immobilized on the surface of the particles 
of curable organosiloxane composition that constitute part (A), and will depend upon the particle size of the silica part 
(B). 

[0075] The amount of silica present is typically from 0.05 to 30 parts by weight per 100 parts by weight of part (M 
and preferably from 0.1 to 30 parts. 1 
[0076] The amount of part (B) is preferably from 1 to 15 parts by weight per 100 parts by weight part (A) when the 
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average particle dramaler ol pan (A) rs Irom 0.1 to "" n ™ „i „.„ |A) is Irom 10 lo 200 micrometers, 

weigh! p., 100 pans b, weight pan (A) when the average pM* T^^'l^L <*** =«•• •» 

£r^nsrs^-ssat» - - — — - 

specification. . f ™ b subjecting the ingredients to a shear 

ISZ^wS* immobilized on the surface of part (A) in the si.ica-coated cured organosiloxane particles of 



such as primary and secondary polyam.nes. 
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These curing agents can also be used in combinations of two or more 

2, aerators *» exemplified by carboxylic acids; phenol compounds; alcohols; tertiary amine com- 
ZEL T, m I" ,r ° m 3mine com P° unds and ^ ^ids; and organometallic compounds, such 

ZTul I ? 3nd . f , 1 rC ° niUm; ^phosphorus compounds, such as phosphine, and reactton mixtures pre- 
pared from phosphrne and Lew.s acids; heterocyclic amines; boron complex compounds; organoammonium salts- 
organosulfonium salts; and organoperoxides. ^nodmmonium salts, 

'1 th8 ^P 08 "' 0 " 8 of this Invention are fibrous fillers such as glass fiber, asbestos, alumina 
ihl !2mS J!' ^ on , a u lumina + si,ic a. boron fiber, zirconia fiber, silicon carbide fiber, metal fibers, polyester 
" be : s -., n y ,on Ub ™- P heno1 «bers, and plant- or animaWerived natural fibers; granular or partLbte 
h^rtVir,^ '"ft 5i "f a ' p,BU,f,,iaied siiica > fumea slllca ' calcined silica, zinc oxide, fired clay, carbon black, gbss 

sSn clT' ' 03 C ! rb0nate ' Cby ' a,UminUm hydr0Xide ' barium sulfa,e > titanium dic * id *. aluminum nLe, 
1 ,2 ' T a9neSIUm OX,de - berv,,ium °* id * teoli ". "^ica. zircons, and particutete forms of cured resins. More! 
over, mixtures of two or more of these fillers can also be used. 

K fft N ° s P ec fc limitations apply to methods for preparing our curable resin compositions. Preparation is per- 

SSI™ ! ™• m ? r, P,anetary miXer ' ,w °- fo11 mi "' mo,orized orbi,in 9 -™rtar and pestle mixer, and so forth 
The Henschel™ maer. strrred m.ll, or motorized orbiting mortar and pestle mixer are preferred. Organic solvents may 
also be used as vehicles for preparing our curable resin compositions. soivenismay 

S J£T BS ? SU K ablS SOlVentS afe ar0mati ° ° rganic solven,s such as toluene or ^'ene and aliphatic hydro- 
carbon solvents such as hexane or heptane. y 

S fi n^ h Q HT rd t0 'l! 6 tempera,ure to whicn ,he cura b'e resin composition is exposed during processing in the 
aforement oned devices heat.ng the compositions from 60° C to 95° C is preferred. Curable resin compositions ac 
cording to this mvention may be ground after their preparation. composmons ac 

Dependi "? Upon ,he * pe °' reactk5n used to cur « the resin portion of the present compositions, these com- 
EST u .° U uf f00m tem P era,ure or u P° n bating, by exposure to heat, ultraviolet radiation, or moisture 
E a « 6 , CUra M COm P° si,ions aie cured °y "ansfer molding, injection molding, or casting. These compo- 

rt on are preferably cured at 100« C to 300° C and are preferabty also subjected to a post-cure at ?00'C to 300°C 
Sin 1 ,h J / TSf COm ]>° S,tions oi ,he P resent invention are very flowable and highly moldable. They cure to yield 

an ifo^ £5 h T , V9 T M ^ 10936 are therefore useful as sea" 

ants for electrical and electronic devices, such as IC's, LSI's, transistors and diodes. 

Examples 

5!S 0*^ f0 " Owin 9 ex a m P ,es descr| be preferred curable resin compositions and cured resins of this invention 
H 55 r £ SPeC ' 8 " Paf,S ^ P erc8nte 8 M are by weight and the reported viscosity values were measured 
at 25 C. The propert.es of the cured organosiloxane materials, curable resin compositions, and cured resins were 
measured using the following procedures. 

[0103] The average diameter of the cured organosiloxane materials were determined using an image processor 
connected to an optical microscope. 9 (J,ocessor 

£104] The fluidity of the cured organosiloxane materials was determined by pouring 50 g of cured organosiloxane 

InH°hl , ^ 99 , r t 9a1i ,°, n ° f the ° ured or 9anosiloxanes was determined using an air-jet sieve from the Alpine Company 
and by calculating the percentage of material retained on a 0.04 mm (325 mesh) screen 

?™ BI °° Kin9 °' ,he CUr n ed or 9anosiloxane particles was determined by placing 100 g of the particles in a tube with 
the tube in a vertical d.rection. After standing for 2 days, the load was removed and the sample was dKrided into 10 

SSTh ! n", air " Jet fZ B ,f0m ,hS A ' Pine C ° mpany ' 3109 P° rti0n of ,ne cured organosiloxane powder was 

P ™ , 9 ' meSh) $Creen ° Ver 5 minUt8S ' and tne wei '9 ht Percentage of material remaining on the 

screen was measured. 

[0107] Dispersibility of the cured organosiloxane materials was determined by placing a mixture of 1 g of the cured 
organositoxane particles and 50 m€ of toluene in a 100 incapacity mayonnaise bottle equipped with a Sd The bottle 

Z « > 5 h° ,im9S th6n a " 0Wed ,0 S,3nd ,0f 10 h0UrS - of *• cured oVnc^lloxane ptic.es wa 

then measured using an image processor connected to an optical microscope 

[01 08] 2.0 g of cured organosiloxane materials and 1 00 m€ of acetone were stirred for 1 0 minutes at 4 000 rpm in 
a homogenizer, and the cured organosiloxane materials were thereafter separated by filtration. The cured organosi- 
SSJ !H Wasbed with ace <°ne, dried an air current, and added to 50 mf brine solution exhibiting a specific 
gravity of 1.3. This blend was mixed for 10 minutes at 4,000 rpm using a homogenizer and then centrrtuged The 
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amoun, o« si.ica precipitating as the tower teyer was measured, and this weigh, was reported as a percentage of the 

^F£Z^3ZL composes was evaiuated based on the method speeded in the EMM, 
foiTMoWingshrinKageofthecurabte resin W ^ 

L J y 7 . w 0 min nt«c at 175°C and was then post-cured for 3 hours at 150 u 

mc-in comoost on was cured tor 3 minutes ax i to o <anu was K Iie ^ 

0112 ^coefficient ot thermal expansion (CTE) of the cured resins w* » manured by JiS K*91 1 

and scored using the following scale: 

"SSI'S. T« nuL. oTmlng. »aa conn,*, an,. using ». fcto-ng «* 
+ = 5 or less; x = 6 to 1 0, and x x = 1 1 or more 

Reference Example 1 

[0116] The following ingredients were blended to homogeneity at -10°C: 

f 3 f 3 f 3 f 3 
H-SiO(SiO) l0 (SiO) 10 Si-H 



CH 3 CH 3 H CH 3 



2 parts by weight allyl glycidyl ether, and 

2 parts by weight vinylcyclohexene monoxide. 



» W . homers wa,.,-based dispe.aion o. , cwab.e onsanosW.n. ol 
to the water-based cured organosiloxane powder dispersion. 
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[0120] After blending the' ingredients to homogeneity, the resultant dispersion was then heated for 1 hour at 80°C 
The resutong water-based dispersion of cured organosiloxane and fumed silica was dried in a spray dryer ,oI. d1 ^ 
parts by we.ght cured organosiloxane recovered from the cyclone separator. V 

Reference Example 2 

£l 21 l Th ,!^° C !, dUre 0< Re,erence Exam P |e 1 w 38 f o»owed, with the exception that the fumed silica was replaced 
wrth a d-methyldchlorosnane-hydrophobicized fumed silica exhibiting a surface silano. group density of iTper W 

il°?.^f Z !^ f0mS) - 3 r 13 * P artic,e diameter ° f 20 ™- -nd a BET specific surface area of 1 20 m>/ Q 105 oa^ 
wi ^uiwj w»yanO&iiuAcine was recovered. 

Si^ZrH hyd t r ° ph0b rf ici2ed ,umed silica was add * d to the aqueous dispersion of cured organosiloxane par- 
no be tZ^ST HHr 6 T? ° f ^ dis P srsi °" a homogeneous water-based dispersion c5j 
notbepreparedlnaddmon.thehydrophobicizedfumedsilicacouldnotbe recovered from the cyclone separatorduZ 

*Z^£S3£L ,n ,he <orm of a ^ cloud were M usin9 a ven,uri scrubbe < and 

Reference Example 3 

oartfci IZZ ^ eXhibitin 9 a ^ dace si,ano1 9™P d ^sity of 4.2 per 1 nm* (100 square angstroms), a primary 
parhcle diameter of 20 nm, and a BET specific surface area of 200 rrttg was added to a water-based curable or J 

a curable organosiloxane composrtion and fumed silica. This water-based dispersion was held for 7 hours at 25° C 

ItlTcr/TTr ^ t0 ^ d " PerSi0n USi " 9 3 Spray dryer » Was found ,ha ' uncu^d cu ab 6 orgS: 
nosiloxane composrtion had precipitated and drying could not be accomplished. 

Reference Example 4 

[0124] A curable organosiloxane composition was prepared 

from 50 parts by weight of dimethylvinylsiloxy-endblocked dimethylpolysiloxane exhibiting a viscosity of 400 mPa 
1.5 parts by weight of a tr.methylsiloxy-endblocked methylhydrogenpolysiloxane exhibiting a viscosity of 20 mPa 

iiss^r^ equiva,ent wei9ht ot 67 • a sodium ion concen,ra,bn * 2 ppm ' and a ^ ™ 

7.5 x 10-3 parts by weight of tetramethyltetravinylcyclo-tetrasiloxane- and 

SI 01 TTk 0 " 0 . Chl0roplatinic acid solu,ion ec > uiva '^t to 120 ppm ot platinum metal based on the total 
weight of the dimethylvinylsitoxy-endblocked dimethylpolysiloxane. 

E com 2 p^ion by WSi9ht ° f P ° ly0Xye,hy,ene ^Phenyl ether (HLB = 5.7) was added to thfe curable organosi- 

in 5L ' nt ° ll ; e ; eSU " in 9 mixture *» ,hen add * d dropwise, over a period of approximately 5 minutes while stirring 
an aqueous solution composed of1 weight part polyoxyethyleneoctylphenylether(HLB = 18 1)and 10partsbywe qhi 
T^T 3 C °TT1, ° f °" 2 micr0mhos/cm A «- sti ™9 approximately 1 hour at 600 rpm, ^ernZe 
Th* water-based dispersion was introduced into sufficient pure water to provide 50 weight percent of organosiloxTne 

Z r b l* ° r 9 an0siloxane c «°" dispersion. Thoroughs.irring yieldedTh^ene 

ous water-based dispersion of curable organosiloxane composition 9 

based curable organosiloxane composrtion under ambient condrtions overnight. The resultant water-based dispersion 

25T ^TT 3ne 30 aVera " diame,er °' 1 miCr ° me,er and a P erfect| V s P h <^ a ' «hape. " 

2 4 1 i P 2 ^n n 9 3 10% Wa,er - based dis P ersi0 " ° f <"™ d exhibiting a surface silanol group density 
200 ma/n 1 i ?, SC T re angs,roms >' a P fimar V P article dia ^eter of 20 nm, and a BET specific surface area 2 
i k 1 S t 6 Wa | er - based dis P ersion °' cw«J organositoxane particles with stirring to homogeneity 
Heating for 1 hour at 70' C yielded a water-based dispersion of cured organosiloxane powder + fumed silica This 

ss s rx^rr yie,d,n9 approxima,e,y 58 parts by wei9w - — p-- 



12 



EP 0 685 508 B1 

Reference Example 5 

[0129] Particles of a cured organosiloxane composition were prepared as in Reference Example 4, but in this case 
omitting the fumed silica. 

Reference Example 6 

T01301 50 carts by weight of cured organosiloxane particles were prepared by the procedure in Reference Example 
but by turned silica of Reference Example 4 w*h 27 parts by weight, equfcalent to 20 n£M percent, 

oi colloidal silica with an average particle diameter of 30 nm and a sodium ,on concentrate of 0.03 percent. 



Reference Example 7 

[0131J A curable organosiloxane composition was prepared by blending to homogeneity 
50 parts ofasilanol-endblockedd^^ 

of 450, a sodium ion concentration £ 2 ppm, and a halogen ion concentrate <; 5 ppm; 

4 0 parts by weight of trimethylsiloxy-endblocked methylhydrogenpolysHoxane exhibiting a 

a silLn-bondec I hydrogen equivalent weight of 67, a sodium ion concentrate * 2 ppm. and a hatogen ,on con- 

centration <, 5 ppm), and 

0.75 parts by weight dibutyltin dilaurate. 

101321 While maintaining this curable organosiloxane composition at 10° C, it was mixed into 250 parts by weight of 
ZeL^Mma conductMty of 0.2 m^romhos/cm. and 3 parts by weight polyoxyethylene nonylphenyl ether 
exhX an HLB value of 13.1 . The resultant mixture was passed through a homogenizer to yield ; ? homogeneous 
^JJId the curable organosiloxane composition. This dispersion was held at 25' C or 10 hours to 
"elheorga— 

To^rTZX^T^ silica exhibiting a surface sifcno, group densrty of 2.5 per 1 nm* (100 square 
anost oms) a primal particle diameter of 10 nm were added to this aqueous dispersion of cured organosiloxane 
3E1 ^sSgToLtogenefty. Heating the dispersion at 60° C for 30 ^J^^^sT^Z 
of cured organosiloxane parties and fumed silica. Drying this d.spersion ,n a spray dryer resulted y.elded 55 parts by 
weight of cured organosiloxane particles recovered from the cyclone separator. 

Reference Example 8 

[01341 10 parts by weight of fumed silica exhibiting a surface silanol group density of 42 per 1 nm= |(100 ^square 
angstroms) a primary particle diameter of 20 nm, and a BET specific surface area of 200 m^/g were btonte i inter 1 00 
parts by weigh of cured organosiloxane particles prepared as described in Reference Example 5. The resultant m.xture 
was ther IS£ Twith an automatic mortar over a period o, 5 hours to yield a cured organosHoxane powder 

Table 1 





Ret. Ex.1 


Ref. Ex.2 


Ref. Ex.4 


Ref. Ex.5 


Ref. Ex.6 


Ref. Ex.7 


Ref. Ex.8 


average particle diameter 
(micrometers) 


3 


3 


1 


1.5 


4 


2 


2 


aggregation (%) 


<0.1 


52 


<0.1 


58 


<0.1 


<0.1 


8 


blocking (%) 
sodium concentration 
(ppm) 


0.1 

0.3 


2 

0.8 


0.1 
0.5 


90 
0.5 


5 

35 


0.1 
1.0 


0.1 
0.8 


halogen concentration 
(ppm) 


5 


10 


7 


8 


17 


10 


11 


angle of repose (degrees) 


32 


55 


34 


61 


32 


30 


34 
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Ref. Ex.1 


Ref. Ex.2 


Ref. Ex.4 


Ref. Ex.5 


Ref. Ex.6 


Ref. Ex.7 


Ref. Ex.8 


dispersibility (mm) 


<0.5 


5 


<0.5 


9 


I <0.5 


<0.5 


1.5 


silica separation ratio (%) 


11 


99-100 


5 




85 


2 


19 



Example 1 

[0135] The following ingredients were mixed to homogeneity: 1 00 parts by weight of phenol novolac resin exhibiting 
in ReterOTcSnpte V Weight 0< 1 00; 20 parts by wei 9 ht cored organosiloxane powder prepared 

185.7 parts by weight fused quartz powder; 

11 .4 parts by weight hexamethylenetetramine;1.0 weight part 3-glycidoxypropyltrimethoxysilane and 
2.9 parts by weight camauba wax. 

[0136] Kneading the resultant mixture on a hot roll at 90°C and cooling then yielded a curable resin composition of 
the present invent™. This curable resin composition was subsequently ground and transfer molded for 3 minutes at 

™ «? " 3 PfeSSUre ° f 6 ' 87 ' 106 N/m2 1 70 k9/cm2) The cured resin was ,nen Post-cured for 2 hours at 150° C 
[01 37] The properties of the cu rable resin composition and the cured resin obtained therefrom are reported in Table 2. 

Comparative Example 1 

[0138] A comparative curable resin composition outside the scope of the present invention was prepared using the 
procedure described in Example 1, but repricing the cured organosiloxane of Reference Example 1 with 20 parts by 
weight of an epoxy-functional organopolysiloxane with the following formula: 



CH, CH_ 
I I 



CH, CH, 

I 3 J 3 
CH.-SiO(SiO) 15() (SiO) 5 Si-CH 3 

f3 H 6 ^3 

O-CH CH-CH 
2 \ / 2 



CH- 



CH3 



[0139] An attempt was made to transfer mold this curable resin composition as described in Example 1, but its cure 
did not develop to an adequate degree. The result was that the composition remained sticky and adherent and could 
not be de-molded. The properties of the cured resin could therefore not be measured. 

Comparative Example 2 

[0140] A comparative cured resin composition outside the scope of the present invention was prepared by the pro- 
cedure described in Example 1, but in this case entirely omitting the cured organosiloxane of Reference Example 1 
The properties of the curable resin composition and the cured resin obtained therefrom are reported in Table 2 
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properties of the curable resin 
compositions 



spiral flow ((inches/m)) 
(cm/m) 

mold shrinkage (%) 



Table 2 
present invention 



Ex.1 




properties of the cured resins 



flexural modulus ((kg/cm 2 )) 
(N/m 2 ) 

CTE (x 10- 5 /°C) 



(29/0.74) 
73.66/0.74 
0.05 



(920) 
90.2- 10 6 
0.6 



comparative examples 



Comp. Ex. 1 



(>60/.52) 
>1 52/0.52 

could not be measured 



could not be measured 
could not be measured 



Comp. Ex. 2 



(1350) 
1 32.3-1 0 6 
1.5 



Example 2 

10141] The fClowing ingredients were mixed to homogeneity: 15 parts by weight of cured organosiloxane prepared 
as described in Reference Example 1 ; 

284.6 parts by weight fused quartz powder; 
3.5 parts by weight aluminum acetylacetonate; 
1 .0 weight part 3-glycidoxypropyltrimethoxysilane; 

3.8 parts by weight camauba wax; and consistinq of 50 parts by weight ortho-cresol novolac epoxy 

1 00 parts by weight of a organs *^^^^S^^<* 220; and 50 parts by weight of 

mixture yielded a curable resin composition of the present invention. 
Th fe curab,eresincompos«^ 

of 6 87-106 N/m 2 (70 kg/cm*). T he resultant cured resin was post-cured fo ^12 u P 

curable resin composition and the cured resin obtained therefrom are reported ,n Table 3. 

Example 3 

[0 ,4 2 , A era*. ***** o. ». 

are reported in Table 3. 
Example 4 

reported in Table 3. 
r.nm parative Example 3 

,0,44, A^,*^,.*.^^^ 

^^^^^^^^^^^^ 
resin obtained therefrom are reported in Table 3. 
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Comparative Example 4 ! ' 



E ^d^STh "T? V SSin com P° si,ion ou,side the of the present invention was prepared according 

E^^ o^^^V- **■ in ,hiS 0389 entif ^ ° mi,,in9 th9 CUr8d ^nositoxan'e of Referee 
Example 1. The properties of this curable resrn composition and the cured resin obtained therefrom are reported in 
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5 



10 



15 



25 



30 



35 



40 



45 



50 



55 





Comp. Ex. 4 




(35/0.89) 
88.9/0.89 




CD 
O 

o 6 


comparative examples 


Comp. Ex. 3 




(21/0.53) 
53.34/0.53 




CD 

o - 

o d> 
o 5 cq 


Ex.4 




(33/0.84) 

83.82/0.84 
I 




CD 

o 

O 

JQ CO . 


present invention 


Ex.3 




(32.0.81) 
81.28/0.81 




CD 

^ o 

O *7 
O O ^ 

5 ® ^ u , 


Ex.2 




(34/0.94) 
86.36/0.94 




?» 

o 6 

£ CD » 






Drooerties ot the curable resin compositions 


spiral flow ((inches/m)) 
(cm/rr0 


Drooerties of the cured resins 


flexural modulus ((kg/cm 2 )) 
(N/m 2 ) 

CTE (x 10' 5 /°C) 
moisture resistance 
thermal shock resistance 
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Example 5 

[01 46] The following ingredients were mixed to homogeneity: 1 00 parts by weight of bismaleimide-triazine-type heat- 
cunng poly,mide resin; 23 parts by weight of cured organosiloxane prepared in Reference Example 4; 

233 parts by weight fused quartz; 

3.3 parts by weight camauba wax; 

2.0 parts by weight 3-glycidoxypropyltrimethoxysilane, 

and 1 .0 part by weight aluminum benzoate. 

JT.J? Kn9 f di " 9 thfe m ? Ura °" 3 h0t f0 " * 9 °° C and C00lin9 then y ieWed a curable resin composition according 
. oonf^ 86 " ° n h S CUrable rSSin was subsequently ground and transfer molded for 4 minutes 

at 220 1 C under a pressure of 6,87-106 N/m* (70 kg/cm*). The cured resin was post-cured for 3 hours at 230° C The 
properties of the curable resin composition and the cured resin obtained therefrom are reported in Table 4. 

Comparative Example 5 

[0148] A comparative curable resin composition outside the scope of the present invention was prepared according 
to the procedure described in Example 5, but using the cured organosiloxane prepared in Reference Example 2 The 
properties of this curable resin composition and the cured resin obtained therefrom are reported in Table 4. 

Comparative Example 6 

[0149] A comparative curable resin composition outside the scope of the present invention was prepared according 
to the procedure described in Example 5, but completely omitting the cured organosiloxane powder of Reference 
Example 4. The properties of this curable resin composition and the cured resin obtained therefrom are reported in 



Table 4 





present invention 


comparative examples 


Example 5 


Comp. Ex. 5 


Comp. Ex. 6 


properties of the curable resin compositions 








spiral flow ((inches/m)) 
(cm/m) 

mold shrinkage (%) 


(46/1.17) 

116.84/1.17 

0.24 


(38/0.97) 

96.52/0.97 

0.31 


(40/1 .02) 

101.6/1.02 

0.49 


properties of the cured resins 








flexural modulus {(kg/cm 2 )) 
(N/m2) 

CTE(x 10* 5 /° C) 


(950) 
93. MO 6 
1.5 


(980) 
96.0- 10 6 
1.5 


(1350) 
1 32.3-1 0 6 
1.8 



Example 6 



[0150] The following ingredients were mixed to homogeneity: 75 parts by weight of a ortho^resol novolac epoxy 
resin exhibiting a softening point of 60° C and an epoxy equivalent weight of 220; 

35 parts by weight of a phenol novolac resin exhibiting a softening point of 80° C and a hydroxyl equivalent weight 

26 parts by weight of cured organosiloxane particles prepared in Reference Example V 

260 parts by weight fused quartz; 

1.0 weight part carnauba wax; 

1.0 weight part 3-glycidoxypropyltrimethoxysilane; and 

0.6 weight part triphenylphosphine. 

[01 51] Kneading the resultant mixture on a hot roll at 90*C and cooling yielded a curable resin composition according 
to the present .nvent.on. This curable resin composition was subsequently ground and transfer molded for 3 minutes 
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at 1 75' C at 6.87-1 0* N/m* (70 kg/cm*). The cured resin was postered for 5 hours a. 180* C. The properties of the 
curable resin composition and the cured resin obtained therefrom are reported in Table 5. 

Example 7 

roiS21 A curable resin composition of the present invention was prepared by the procedure described in Example 
f^SJ^!SigJS^ powder prepared in Reference Example 4. The propert.es of this curable res,n 
composition and the cured resin obtained therefrom are reported in Table 5. 

Comparative Example 7 

roi 531 A comparative curable resin composition outside the scope of the present invention was prepared according 
in Table 5. 

Comparative Example 8 

r01541 A comparative curable resin composition outside fhe scope of the present invention was pr 
SSLZS in Exarnp.ee, but in thiscase entirely omWing the cured organs ^ 
of this curable resin composition and the cured resin obtained therefrom are reported in Table 5. 





present invention 


comparativ 


e examples 


Example 6 


Example 7 


Comp. Ex.7 


Comp. Ex.8 


properties of the curable resin 
compositions 










spiral flow ((inches/m)) 
(cm/m) 


51/1.30 
129.54/1.30 


48/1.22 
121.92/1.22 


47/1.19 
119.38/1.19 


58/1.47 
147.32/1.47 


properties of the cured resins 










flexural modulus ((kg/cm 2 )) 
(N/m 2 ) 

CTE (x 10" 5 / 0 C) 
moisture resistance 
thermal shock resistance 


(960) 
94. MO 6 
2.3 
+ 
+ 


(1020) 

100.0.10* 

2.4 

+ 

+ 


(980) 

96.0-10 6 

2.5 

XX 

+ 


(1350) 

132.3-10 6 

2.9 

XX 
XX 



25 



30 



35 



40 



45 



50 



55 



Claims 

1 . A curable resin composition comprising 

(I) 100 parts by weight of a curable resin, and 

(II) 0.1 to 200 parts by weight of a cured organosiloxane comprising 

(A)oa rt iclesofac 

wherein said particles have immobilized on the surfaces thereof 

rm amorphous silica exhibiting a surface silanol group density of at least 2 per 1 nm? (100 square ang 
l^ms^ dLeter not exceeding 1 micrometer, and a BET specific surface area of at 

least 50 m 2 /g. 
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ingredient (A) and said silica as ingredient (B), wherein said dispersion is heated sufficiently to form said cured 
organosiloxane, and then removing the water from said dispersion. 

4. The curable resin composition according to Claim 1 , wherein ingredient (II) consists essentially of particles obtained 
by shear mixing ingredients (A) and (B). 

5. The curable resin composition according to Claim 3, wherein from 0.05 to 30 parts of ingredient (B) is blended 
with 100 parts of ingredient (A). 

G. The uuifcKj resin obtainable oy curing the curable composition of Claim 1 . 
Patentanspruche 

1. Hartbare Harzzusammensetzung, die die folgenden Bestandteile umfa6t: 

(I) 100 Gew.-Teile eines hartbaren Harzes und 

(II) 0,1 bis 200 Gew.-Teile eines geharteten Organosiloxans, das 

(A) Teilchen einer geharteten Organosiloxanzusammensetzung mit einem mittleren Durchmesser von 0 1 
bis 200 urn, wobei auf den Oberflachen der Teilchen 

(B) amorphes Siliciumdioxid mit einer Oberflachensilanolgruppendichte von mindestens 2 pro 1 nrr* (100 
A2). einem mittleren Teilchendurchmesser, der 1 urn nicht ubersteigt, und einer spezifischen BET-Ober- 
flache von mindestens 50 nr^/g immobilisiert ist, umfaGt. 

2. Hartbare Harzzusammensetzung nach Anspruch 1 , wobei der Bestandteil (I) mindestens ein hartbares Harz um- 
faBt, das aus Epoxyharzen, Phenolharzen, Polyimidharzen und Organosiloxanharzen ausgewahlt ist. 

3. Hartbare Harzzusammensetzung nach Anspruch 1 , wobei der Bestandteil (II) durch anfangliches Erwarmen einer 
Dispersion auf Wasserbasis, die eine durch Additionsreaktion oder Kondensationsreaktion hartbare Organosilo- 
xanzusammmsetzung als Bestandteil (A) und das Siliciumdioxid als Bestandteil (B) umfaBt, wobei die Dispersion 
ausreichend erwarmt wird, urn das gehartete Organosiloxan zu bilden, und anschlieBendes Entfernen des Vfessers 
aus der Dispersion herstelibar ist. 

4. Hartbare Harzzusammensetzung nach Anspruch 1 , wobei der Bestandteil (II) im wesentlichen aus Teilchen be- 
steht, die durch Vermischen der Bestandteile (A) und (B) unter Ausuben von Scherkraften erhalten wurden. 

5. Hartbare Harzzusammensetzung nach Anspruch 3, wobei 0,05 bis 30 Teile Bestandteil (B) mit 1 00 Teilen Bestand- 
teil (A) vermischt wurden. 

6. Gehartetes Harz, das durch Harten der hartbaren Zusammensetzung nach Anspruch 1 erhaltlich ist. 
Revendlcations 

1 . Une composition de resine durcissable comprenant 

(I) 100 parties en poidsd'une resine durcissable, et 

(II) 0,1 a 200 parties en poids d'un organosiloxane durci comprenant 

(A) des particules d'une composition d'organosiloxane durcie ayant un diametre moyen de 0,1 a 200 
micrometres, lesdites particules portant, immobilisee sur leurs surfaces, 

(B) une silice amorphe presentant une densite de groupes silanol superficiels d'au moins 2 par nm* un 
diametre moyen de particules ne depassant pas 1 micrometre et une surface specifique BET d'au moins 
50m 2 /g. 

2. La composition de resine durcissable selon la revendication 1 , dans laquelle I'ingredient (I) comprend au moins 
une resine durcissable choisie parmi les resines epoxy, les resines phenoliques, les resines polyimides et des 
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rSsines d'organosiloxahe. 

3. La composition de resine durcissable salon la revendication 1 . dans laquelle Ingredient (II) peut etre ^pa* «n 
chauffanTd-abord une dispersion aqueuse comprenant una composition cforganos.loxane durc'ssable par una 
l"additionou decondensation 

eSauffee suffisamment pour former ledrt organosiloxane durci. puis en eliminant I'eau de ladle d*pers,on. 

4 La composition de resine durcissable selon la revendication 1 . dans laquelle I'ingredient (II) consists essentielle- 
ment en particules obtenues par melange avec cisaillement des .ngredients (A) et (B). 

5. La composition de resine durcissable selon la revendication 3. dans laquelle 0,05 a 30 parties d'ingredient (B) 
sont m6lang6es avec 100 parties d'ingredient (A). 

6. La resine durcie pouvant etre obtenue par durcissement de la composition durcissable de la revendication 1 . 
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